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Abstract 
In order for the balance between lactic acid production and removal ratios to be maintained during long-distance races in 
performance swimming, endurance training sessions should be designed by taking due account of rest intervals. In this paper, 
we emphasize the importance of the aerobic metabolism in swimming races - swimming being based to a large extent on 
endurance. Moreover, our aim is to define some methodological aspects based on which we can build sets of exercises for 
developing endurance, by reconsidering rest breaks. 
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1. Introduction 
  
One of the coaches’ permanent concerns is the efficient combination of different training methods and the 
selection of appropriate means capable of ensuring the athletes’ constant progress. The first step to be made in 
order to successfully solve this task is to determine accurately the particularities of the sport being dealt with. In 
the case of swimming, the most important element to be considered is the athletes’ endurance capacity. Thus, 
their training needs to include almost all the training methods, because they require a good level of endurance, 
whether they swim short or long distances. Endurance is an essential prerequisite for performance in swimming. 
In this case, endurance is mainly an effect of heart hypertrophy. The effect of myocardial enlargement or 
“athlete’s heart” is the pumping of a large amount of nutritive blood to the arteries. Aerobic endurance depends 
on the heart tone, which determines a higher blood pressure, by allowing the supply capillaries to open at the 
level of active muscles. This intense capillarization is the result of a long training process based mainly, in our 
view, on the way rest breaks are used between repetitions.  
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Endurance is also developed through the adaptation to ampler and quicker gas exchanges at the level of the 
lungs, which becomes possible by an increase in the number of functional pulmonary alveoli and by the 
intensification of pulmonary hematosis. Its manifestation continues after the effort, even after anaerobic effort, 
being expressed by the rapid regaining of the body values at rest (Dudley et al., 1982).  
The endurance effort is mainly sustained by the slow-twitch (ST) fibres (Kindermann, Simon, Keul, 1979). 
They possess more myoglobin with the heme group attached to them, which allows oxygen storage, and they also 
have an increased oxidative potential, being recruited, during endurance efforts, in a higher proportion than the 
rapid-twitch (RT) fibres (FT), with a significant glycolytic potential.  
The improvement of endurance is particularly correlated with an increase in the number of mitochondria and 
with the higher oxidative capacity of the muscles, and not only with the VO2max value (Counsilman, 1997). Thus 
the muscular system also becomes important, as endurance is influenced not only by the oxygen that arrives in 
the muscular areas with increased metabolic necessities, but also by muscular adaptation, through morpho-
functional specialization, to intense and prolonged effort.  
Contextually, we consider that, by developing aerobic capacity through the adjustment of rest intervals, 
swimmers have the possibility to perform mechanical work over a longer period of time, thus delaying the 
depletion of the energy supplies available in the muscle cells. In these conditions, the body will gradually 
diminish the effects of the residual substances accumulated as a result of tissue metabolism, even during effort, 
generally through the buffer systems and the mechanisms for the removal of effort-induced catabolites (Costill, 
1978). 
2. Endurance training types 
In order to develop endurance capacity, we propose three types of specific training, with an emphasis on the 
methodical aspects related to the determination of rest breaks, which are so necessary for the construction of each 
metabolic picture.   
2.1. Basic endurance training (En-1) 
Basic endurance develops through the distance swimming method that consists in covering longer distances 
than the competition distance, at a slower pace than that used in a competition. During the standard training 
sessions, athletes perform submaximal but also fast swimming.  
  Table 1. Specific drills for En-1 
Distances Number of repetitions Effects Breaks 
200 m 4 - 6 x 200 m children – level III 
6 - 8 x 200 m juniors – level II 
8 x 200 m (maximum 12 x) seniors – level I 
anaerobic; 
moderate and high aerobic  
30 minutes – level III 
/ 
20 seconds – level II 
/ 
10 seconds – level I 
400 m 2 - 3 x 400 m – level III 
4 - 6 x 400 m – level II 
6 x 400 m (maximum 10 x) – level I 
moderate and high aerobic  30 seconds – level III 
/ 
25 seconds – level II 
/ 
20 seconds – level I 
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800 m 2 x 800 m – level III 
4 x 800 m – level II 
3-5 x 800 m – level I 
moderate aerobic  40 seconds – level III 
/ 
1 minute – level II 
/ 
30 seconds – level I 
1000 m 2 x 1000 m – level III 
3 x 1000 m – level II 
3-5 x 1000 m – level I 
moderate aerobic 1 minute 
/ 
under 1 minute – level II 
/ 
20 seconds – level I 
1500 m  – level III 
2 x 1500 m – level II 
3 x 1500 m l – level I 
moderate aerobic - 
/ 
under 1 minute – level II 
/ 
30 seconds – level I 
3000 m or  
even-paced 
swimming for 
12-30-60 
minutes, and 
quantifying 
the distance 
covered at the 
end 
maximum 15 minutes at level III 
1-2 x levels II and I 
 
moderate aerobic  
- 
 
Break-related methodological aspects. Rest intervals will last around 5-10 seconds for short distances, 20-30 
seconds for middle-distance races and 20-60 seconds for long-distance races. It is extremely important that these 
breaks should be constantly modified, within a limited range, and modelled according to each athlete’s adaptive 
possibilities. Thus, the basic endurance training En-1 will mainly develop organic aerobic endurance and, in a 
subsidiary manner, body muscles.  
Training speed will be developed at a level that does not presuppose the accumulation of lactic acid in excess 
of 3 mmol/L, and the heart rate measured at the end of a break will have to fall between 120 and 150 beats per 
minute. By using dr. Gunnar Borg’s rating of the perceived exertion scale from 1 to 20, “athletes should feel that 
they are swimming at a perceived effort between 12 and 14” (Maglischo, 2003).  
By imposing such breaks, we shall aim at increasing the stroke volume and the cardiac output, as well as the 
number of functional pulmonary alveoli. Fast-twitch fibres will thus have time to replace the muscle glycogen 
supply, since slow-twitch fibres do most of the work. At the same time, the increase of hemoglobin levels is also 
important, although apparently a person can gain this effect only by swimming at high altitudes (Wilmore, & 
Costill, 1999).  
2.2. Threshold endurance training (En-2) 
As we did for the En-1 training method, we will only mention a single method that is mainly used for this 
type of training, En-2, namely the interval method. It consists of a series of repetitions on a given distance, with 
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controlled intensity and breaks, at the anaerobic threshold level. Although its name may seem inappropriate, the 
anaerobic threshold of 4 mmol/L is the intensity at which the aerobic metabolism is overexerted and the pulse-
volume is higher during the recovery intervals than during the effort (Gaeser, & Wilson, 1998). In this case the 
athletes do not need to swim longer distances than they would do in a competition. This method develops both 
cardiovascular and muscular endurance against the accumulation of waste products, by developing even the 
anaerobic metabolism.  
Table 2. Specific drills for En-2 
Distances Number of repetitions Effects Breaks 
25 m 20 x 25 m – level III 
40 x 25 m – level II 
2 x 4 x 20 x 25 m – level I 
anaerobic; 
high aerobic 
 
20 seconds – level III 
/ 
10 seconds – level II 
/ 
5-10 seconds – level I 
100 m  10 x 100 m – level III 
 
20-25 x 100 m – level II 
 
maximum 40 x 100 m – level I 
high aerobic 
 
40 seconds – level III 
/ 
30 seconds – level II 
/ 
20 seconds – level I 
400 m 6 x 400 m – level III 
10-12 x 400 m – level II 
 2 x 8 x 400 m – level I 
moderate and high aerobic  40 seconds – level III 
/ 
1 minute – level II 
/ 
20 seconds – level I 
800 m   – level III 
1 x 800 m – level II 
2 x 800 m – level I (Blythe, 
2008). 
moderate aerobic  
/ 
1 minute – levels I and II 
 
Methodological considerations. Rest intervals will last around 5-20 seconds for short distances, 20-40 seconds 
for middle-distance races while for long-distance races, where they must ensure a higher level of blood lactate 
removal, they will be extended up to 1 minute. Rest intervals should allow the pulse to partially slow down until 
it reaches 120-130 beats/minute. Particularly in the case of young athletes, we should carefully prepare rest 
breaks and we should not insist on exercise intensity, because our major task at this stage is to develop organic 
aerobic endurance, by increasing the number of capillaries around the slow-twitch fibres.  
Because it is practically impossible for each swimmer to dose his rest interval depending on his heart rate, the 
coach will have to test the physiological echo of the effort several times, in order to be able to establish a rest 
interval adapted to each athlete, which requires the coach to make up subgroups with different breaks: boys - 
girls; trained - less trained; groups by technical procedures etc. It is only in this way that break individualization 
can decisively influence the potential of the proposed method.  
2.3. Overload repeats (En-3)  
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In this case the athletes should swim faster than the anaerobic threshold and they must increase VO2max of all 
the trained fibres, including the FTb ones. The variable intensity method improves anaerobic endurance, the 
VO2max capacity and the anaerobic threshold, provided that the effort intensity exceeds the existing anaerobic 
threshold. This type of training, also called variable training, increases tolerance to lactate if the sprint distances 
are intense and their duration is sufficiently long to allow the athlete to reach the maximal speed. Specialists 
consider that, in the training of young swimmers, this method should not be directed towards the accumulation of 
maximal fatigue, but rather towards the perception of various motor paces that must be independently controlled. 
As a matter of fact, the incapacity to change pace or to keep up the same pace represents a limit for the energy 
economy of motor actions. 
The capacity to overcome the sensations of fatigue and pain induced by some intense efforts may differs from 
one athlete to the other, and may even be different in the same swimmer from one day to the other, depending on 
the athlete’s motivational mood, attention capacity, personality or the distance covered. For example, sensations 
in a 200-m event will be different than those in a 1500-m event. Middle-distance races, based on mixed efforts, 
will produce more intense muscular pain, which is very difficult to adapt to, because of the high levels of carbon 
dioxide and lactic acid. Increasing tolerance to lactate by using this training method will result in an increased 
capacity to endure muscular pain, but it should not be exaggerated, in order to avoid overexertion. There is a 
common belief that swimmers who train at speeds that produce blood lactate concentrations of 6 mmol/L do not 
expose their muscles to deterioration. But if such training lasts too long, namely more than 4 weeks in children 
and 20 weeks in seniors, it induces a performance decline by up to 15% (Madsen, & Olbrecht, 1983).  
 Table 3. Specific drills for En-3 
Distances Number of repetitions Effects Breaks 
50 m 20 x 50 m – level  III 
40 x 50 m – level II 
2 x 4 x 20 x 50 m – level I 
anaerobic; 
high aerobic 
 
20-30 seconds – level III 
10 seconds – level II 
5-10 seconds – level I 
100 m 6 x 100 m – level III 
10 x 100 m – level II 
maximum 2 x 10 x 100 m – level I 
anaerobic; 
high aerobic 
 
40 seconds – level III 
30 seconds – level II 
20 seconds – level I 
300 m 2 x 300 m – level III 
2 x 3 x 300 m – level II 
2 x 300 – level I 
high aerobic; 
aerobic-anaerobic 
20-60 seconds for all the levels 
400 m 4 x 400 m – level III 
10-12 x 400 m – level II 
2 x 8 x 400 m – level I 
high aerobic; 
aerobic-anaerobic 
30-120 seconds for all the levels 
 
 
Methodological aspects. Rest intervals are similar to those used in En-1 for 50 and 100-m distances. For 
middle-distance races, they range between 20 and 60 seconds. This increases effort intensity and determines 
lactate accumulation, but also stimulates conveying mechanisms or buffer systems. For long-distance races, we 
recommend breaks ranging between 30 seconds and 2 minutes. 
3. Discussion 
In swimming, the aerobic system is the energy system that comes under most strain. At different stages, 
during and often at the end of a race, lactic acid levels are also involved. During training, a certain recovery 
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period is necessary, to allow lactic acid to decrease to tolerable levels, i.e. to between 5 and 7 mmol/L for work at 
VO2max. In sustained cyclic events, the alactacid energy system is also exerted, but its contribution, as an energy 
source in swimming, is reduced, which is obvious particularly in long-distance races. Thus, performance 
improvements must come from the development of the aerobic energy system and, to a lesser extent, from the 
anaerobic system. That is why specialists that, in swimming training, special emphasis should be placed on 
aerobic adaptation.  
By being aware of this element, we can progressively adjust rest breaks, as well as breaks between repetitions 
during specific training. Breaks between series should be long enough to allow phosphagen and glycogen (ATP, 
CP) restoration.  
4. Conclusions 
In long-distance swimming, rest breaks induce almost the same adaptations as in short-distance swimming 
and, implicitly, ensure the swimmers’ progress, especially as far as endurance is concerned. However, differences 
are essentially influenced by the breaks between repetitions. An increase in aerobic enzymes, muscle glycogen 
and the circulating blood volume can enable any swimmer to perform a higher training level, whatever the 
competitive distance would be. We can complement these adaptations by the need to increase the capacity to 
remove blood lactate or to endure pain during extensive effort. All these favourable effects of aerobic training 
can delay the onset of fatigue. Thus, we consider that breaks can correctly model the type of method used in an 
athlete’s preparation and the method can be correctly constructed relying on the proposed algorithm. We think 
that, in specific training, we should also model the individualization of the rest intervals for endurance 
development. Increasing daily and weekly volumes and making only minor adjustments in the breaks can help 
improve endurance. Thus, the athletes must progressively swim longer races, gradually increasing workload. The 
mere maintenance of the overload is not enough to include more full-stroke swimming and less pulling and 
kicking. Coaches must accurately monitor the nature of the rest intervals, or else the effects of the training can be 
altered. 
 At level III, dedicated to the training of children, endurance training in the high aerobic zone should be 
followed by 1 to 1½ days of training allowing muscle glycogen restoration (Hurley et al., 1985). As a matter of 
fact, the pace of execution and the alternation between effort and muscular relaxation are very important for all 
athletes. A muscle will be able to work over a long period of time only if the action and relaxation phases are 
well-balanced.  
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